Introduction
============

Liver fibrosis, a primary procedure of cirrhosis, is a progressive chronic procedure characterized by the accumulation of extracellular matrix (ECM), which leads to serious damage to human health. Numerous studies have reported that fibrosis cannot be reversed; however, if the generation could be suppressed or degradation could be promoted of the ECM, liver fibrosis is reversible ([@b1-br-0-0-722],[@b2-br-0-0-722]). Therefore, it is important to explore the mechanism of delaying or improving liver fibrosis.

For the purpose of providing criterions for the treatment of liver fibrosis, certain studies are in process to discover the mechanism of liver fibrosis. Specifically, in obstructive jaundice rat models, the level of oxidized low-density lipoprotein (Ox-LDL) was previously considered to have a key role in atherosclerosis, the presence of the Ox-LDL-specific receptor in liver endothelial cells and had an important role in liver fibrosis ([@b3-br-0-0-722],[@b4-br-0-0-722]). Additionally, malonaldehyde (MDA) and superoxide dismutase (SOD) are signaling receptors that have specific roles in lipid peroxidation and functions as liver fibrosis regulators ([@b5-br-0-0-722],[@b6-br-0-0-722]). The level of Ox-LDL is known to increase in the liver and is correlated with the level of liver fibrosis. These evidences had a conclusion that Ox-LDL, MDA and SOD may be involved in improving liver fibrosis. Despite considerable evidence, the potential mechanism of liver fibrosis remains to be elucidated.

Early drug intervention can dominate the levels of Ox-LDL. For instance, rosuvastatin could reduce the levels of Ox-LDL in the plasma of hemodialysis patients with end-stage renal disease ([@b7-br-0-0-722]). Rosuvastatin could control the progress of liver fibrosis by inhibiting the activity of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA), which is a key enzyme in the accumulation of cholesterol ([@b8-br-0-0-722]). It had been reported that rosuvastatin treatment could reduce the plasma concentrations of endogenous peroxidase and peroxidase activity, and regulate the expression of Ox-LDL in Wistar rats in 24 weeks ([@b9-br-0-0-722]). However, the underlying mechanism combined with rosuvastatin on liver fibrosis remains to be elucidated.

The present study aimed to show the association between rosuvastatin and liver fibrosis, and confirm the mechanism of Ox-LDL in rat models of obstructive jaundice. This could facilitate the present understanding of the mechanism and improve clinical treatment for liver fibrosis.

Materials and methods
=====================

### Materials

In total, 72 male specific-pathogen-free Sprague-Dawley rats weighing 180--220 g were obtained from the Experimental Animal Center of Sun Yat Sen University (Guangzhou, Guangdong, China). Six rats were housed in each cage under standard laboratory conditions. Subsequently, the rats were randomized into 3 groups: Control (group A, 24 rats), model (group B, 24 rats) and rosuvastatin groups (group C, 24 rats). Rats were fed ad libitum with a standard diet in group A, whereas rats underwent surgery with obstructive jaundice models in group B and rats were gavaged by rosuvastatin in group C. At weeks 1, 2, 3 and 4 after the model induction, 6 rats were chosen randomly from every group and anaesthetized prior to being sacrificed. To determine whether the obstructive jaundice models were successful, 1-cm length liver tissue samples were obtained through excising and subjected to hematoxylin and eosin (H&E) staining. Blood samples were obtained from each rat for subsequent analysis of three liver fibrosis indicators. Following that, drug intervention was initiated following model induction. In addition, rats received treatment of rosuvastatin by intragastric administration in group C (batch no. 125449; AstraZeneca, London, UK) (5 mg·(kg body mass)^−1^day^−^1).

### Analysis of serum levels by radioimmunoassay

Hyaluronic acid (HA), laminin (LN) and procollagen III (PCIII) (Guangzhou Yingwei Chuangjin Biological Engineering Co., Guangzhou, China) were examined by an automatic radioimmunoassay analyzer according to the manufacturer\'s protocol.

### Analysis of liver fibrosis lesion by optical microscope

Paraffin-embedded samples were deparaffinized and hydrated by routine techniques. Thereafter, tissue sections were stained by H&E and observed by a light microscope.

### Immunohistochemical analysis of SOD and MDA

The expression levels of SOD and MDA (Shanghai Institute of Biological Reagents Sales Co., Shanghai, China) in liver tissue were detected by immunohistochemistry. Samples were incubated with polyclonal anti-SOD and anti-MDA antibodies at a dilution of 1:50. Phosphate-buffered solution was used as the negative control. Brown staining was considered positive staining of SOD and MDA. Images were analyzed by Image-Pro plus 6.0 image analysis software (Media Cybernetics, Rockville, MD, USA). The intensity of the staining was graded as 0 (no color), 1 (yellow) and 2 (brown). In addition, the percentage of positive cells was graded as 0 (\<5%), 1 (5--25%), 2 (25--50%), 3 (51--75%) and 4 (\>75%). The sum of the 2 grades served as the score for each sample.

### Immunofluorescence analysis of Ox-LDL

The expression levels of Ox-LDL (Guangzhou Yingwei Chuangjin Biological Engineering Co., Guangzhou, China) in liver tissue were detected by immunofluorescence. Samples were incubated with monoclonal anti-Ox-LDL antibody at a dilution of 1:100 according to the manufacturer\'s protocol. The expression levels of Ox-LDL were observed by fluorescence microscopy according to the positive ratio and intensity score of fluorescence, which had a total score of 10 points.

### Statistical analysis

All data were statistically analyzed using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). Different groups of data were analyzed with analysis of variance to detect significant differences. The significance level was set as α=0.05. P≤0.05 was considered to indicate a statistically significant difference.

Results
=======

### Establishment of animal model

Rats in group B exhibited a poor appetite, cloudy yellow urine and less activity compared to rats in group A. To evaluate whether liver fibrosis was successful, HA, LN and PCIII were tested in the blood samples of three groups every week. As shown in [Table I](#tI-br-0-0-722){ref-type="table"}, group A had lower levels of HA, LN and PCIII compared to group B at weeks 3 and 4 (P\<0.01). In addition, the liver tissues were observed by a light microscope. As shown in [Fig. 1](#f1-br-0-0-722){ref-type="fig"}, hepatocytes were morphologically normal and orderly in group A when liver tissues exhibited degeneration, edema, necrosis, proliferation and fibrous septa morphological abnormalities at week 4 in group B. These results demonstrated that the rat model was established.

### Results of indicators combining with MDA and SOD

MDA and SOD were detected by immunohistochemical analysis ([Fig. 2](#f2-br-0-0-722){ref-type="fig"}). [Table II](#tII-br-0-0-722){ref-type="table"} showed the levels of MDA and SOD in group A compared with groups B and C. MDA levels were elevated (P\<0.01) and SOD were declined (P\<0.01) compared to group A at weeks 3 and 4. Furthermore, there were reduced levels of MDA in group C compared with that in group B (P\<0.05), but elevated levels of SOD (P\<0.05). These findings revealed that rosuvastatin enhanced decrements in MDA and increments in SOD.

### Expression of Ox-LDL

The expression level of Ox-LDL was observed by immunofluorescence. As shown in [Fig. 3](#f3-br-0-0-722){ref-type="fig"}, Ox-LDL was located in the hepatocyte membrane. [Table III](#tIII-br-0-0-722){ref-type="table"} showed that the expression levels of Ox-LDL were considerably elevated in groups B (P\<0.01) and C (P\<0.01) compared with group A at weeks 3 and 4. However, the expression levels of Ox-LDL were decreased in group C compared with group B (P\<0.05).

### Analysis of liver fibrosis

HA, LN and PCIII were tested each week in the blood samples of the rats in groups B and C. As shown in [Table IV](#tIV-br-0-0-722){ref-type="table"}, there were considerably lower levels of HA, LN and PCIII in group C (P\<0.05) compared to group B at weeks 3 and 4. Fibrous septa morphological abnormalities were evident in groups B and C, but these were significantly improved in group C. These results demonstrated that treatment with rosuvastatin in rats with liver fibrosis was effective.

Discussion
==========

Liver fibrosis is a progressive chronic disease characterized with the accumulation of ECM, which leads to serious damage to human health. However, whether the mechanism works by delaying or improving liver fibrosis remains to be elucidated. The present study focused on the effect of rosuvastatin and its mechanism on liver fibrosis in a rat model. The model was established by bile duct ligation and gavaged administration of rosuvastatin. The study showed that the liver fibrosis indicators, HA, LN and PCIII, in group B were increased compared with that in group A. Simultaneously, the results of H&E staining suggested that there was more necrosis, an emergence of proliferation and the formation of fibrous septa morphological abnormalities in group B. These results demonstrated that the rat models were established.

It has been demonstrated that SOD and MDA have important roles for oxidative stress in the progression of endothelial injury and liver fibrosis. MDA is a product of oxidative stress, which can produce free radicals and reflect the degree of damage of liver cells. SOD can eliminate oxidative stress by removing oxygen free radicals ([@b10-br-0-0-722],[@b11-br-0-0-722]). Numerous biomolecules are closely combined with the oxidative stress on liver fibrosis. For instance, Ox-LDL appeared to stimulate liver fibrosis by causing the ECM disorder, and subsequently there is more degeneration, edema, necrosis, the emergence of proliferation and the formation of fibrous septa morphological abnormalities ([@b12-br-0-0-722],[@b13-br-0-0-722]), which are similar with the result of the present study as there was an increase of Ox-LDL in group B compared with that in group A.

Furthermore, Turer and Scherer ([@b14-br-0-0-722]) and Chen *et al* ([@b15-br-0-0-722]) reported that Ox-LDL has a role and is key in the regulation of the metabolism of fatty acid and glucose, which is associated with atherosclerosis. Hulthe and Fagerberg ([@b16-br-0-0-722]) reported that Ox-LDL recruited monocytes into the endothelium and caused dysfunction of artery endothelial cells via the generation of reactive oxygen species. Currently, certain abnormalities of Ox-LDL have been identified in a variety of diseases, such as liver fibrosis, however, the mechanisms remain to be elucidated. Fan *et al* ([@b17-br-0-0-722]) reported that Ox-LDL could induce inflammatory factors by up-regulation of autophagy via AMPK/mTOR signaling pathway. Yao *et al* ([@b18-br-0-0-722]) and Xiong *et al* ([@b19-br-0-0-722]) reported that Ox-LDL could induce cholesterol accumulation and apoptosis in macrophages by upregulating CHOP expression and the apoptosis signal-regulating kinase 1-c-Jun N-terminal kinase pathway. Samarakoon *et al* ([@b20-br-0-0-722],[@b21-br-0-0-722]) and Antus *et al* ([@b22-br-0-0-722]) reported that Ox-LDL stimulated plasminogen activator inhibitor-1 expression in human mesangial cells mediated by the transforming growth factor-β (TGF-β)/Smad signaling pathway. TGF-β could activate extracellular signal-regulated kinase (ERK) in mesangial cells, and ERK was involved in the activation of Smad2/3, which increased the formation of ECM and promoted fibrosis. However, further studies are essential to elucidate the mechanism of liver fibrosis on the expression of Ox-LDL.

Changes to the MDA and SOD expression levels were also shown in the present study. Antus *et al* ([@b22-br-0-0-722]) and Youseff *et al* ([@b23-br-0-0-722]) reported that MDA is a useful marker for monitoring exacerbation-associated oxidative stress, whereas SOD is an important antioxidant enzyme for protecting cells against oxidative stress. The present study showed that the level of Ox-LDL was elevated, but the level of MDA was reduced in group B compared with group A. Furthermore, rosuvastatin inhibited the elevations of Ox-LDL and MDA but promoted the levels of SOD in group C. Therefore, the administration of the drug could markedly inhibit oxidative stress associated with liver fibrosis.

Rosuvastatin suppressed the development of liver fibrosis by inhibiting the action of HMG-CoA reductase. Resch *et al* ([@b24-br-0-0-722]) reported that rosuvastatin significantly reduced oxidative stress with the effect apparent after treatment for 24 weeks *in vivo*, which is in accordance with the result of the present study, which indicates that the administration of rosuvastatin could inhibit the decrease of fibrosis. The decrease of Ox-LDL in group C compared with that in group B indicates that rosuvastatin could exert an anti-fibrosis effect via downregulation of Ox-LDL, and subsequently prohibiting the progression of liver fibrosis.

In conclusion, the present study showed that the level of Ox-LDL could be inhibited by the administration of rosuvastatin on inhibiting oxidative stress, and rosuvastatin could improve the progression of liver fibrosis. The present study may aid in the understanding of the biological effect of rosuvastatin and improve the treatment of liver fibrosis.
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![(A) Representative micrographs of the normal appearances of hepatocytes in group A. (B) Necrosis and the emergence of proliferation of hepatocytes in were observed group C. (C) Fibrous septamorphological abnormalities of hepatocytes in group B were evident (all magnification, ×200).](br-05-03-0311-g00){#f1-br-0-0-722}

![Expression of (A-C) SOD and (D-F) MDA in the different groups (magnification, ×200). SOD staining was stronger in (C) group A compared to groups (A) B and (B) C. Group B had weaker expression of SOD compared to group C. MDA staining was stronger in (F) group B, whereas this was weaker in (D) group A. The staining intensity was graded as (A and D) 0, (B and E) 1, and (C and F) 2. SOD, superoxide dismutase; MDA, malonaldehyde.](br-05-03-0311-g01){#f2-br-0-0-722}

![Expression of Ox-LDL in the different groups (magnification, ×400). Ox-LDL staining was weaker in (A) group A compared to groups (B) C and (C) B. Group B had stronger expression of Ox-LDL compared to group C. The staining score of A was graded as 1, B was 3, and C was 5. Ox-LDL, oxidized low-density lipoprotein.](br-05-03-0311-g02){#f3-br-0-0-722}

###### 

Liver fibrosis indicators of the rats in the control and model groups to confirm the establishment of the model.

  Group    Hyaluronic acid, ng/ml                                    Laminin, ng/ml                                            Procollagen III, ng/ml
  -------- --------------------------------------------------------- --------------------------------------------------------- ---------------------------------------------------------
  Week 1                                                                                                                       
    A      46.50±24.26                                               63.05±36.25                                               29.40±12.36
    B      62.67±33.68                                               52.56±25.20                                               23.93±17.45
  Week 2                                                                                                                       
    A      38.65±13.24                                               51.86±31.35                                               12.56±12.20
    B      58.33±19.05                                               39.35±25.32                                               18.20±9.46
  Week 3                                                                                                                       
    A      35.60±23.36^[a](#tfn1-br-0-0-722){ref-type="table-fn"}^   59.35±21.65^[b](#tfn2-br-0-0-722){ref-type="table-fn"}^   25.32±13.26
    B      90.64±43.16                                               88.65±35.86                                               53.35±26.15
  Week 4                                                                                                                       
    A      48.06±15.25^[a](#tfn1-br-0-0-722){ref-type="table-fn"}^   31.65±13.42^[b](#tfn2-br-0-0-722){ref-type="table-fn"}^   30.63±22.47^[b](#tfn2-br-0-0-722){ref-type="table-fn"}^
    B      365.35±132.35                                             80.46±64.34                                               62.91±17.56

P\<0.01 or

P\<0.05 vs. group B. A, control group; B, model group. Values are mean ± standard deviation, n=6.

###### 

SOD and MDA levels of rats from groups A and B.

  Group    SOD                                                     MDA                                                     
  -------- ------------------------------------------------------- ------------------------------------------------------- --
  Week 1                                                                                                                   
    A      5.28±1.56                                               0.82±0.38                                               
    B      4.36±2.69                                               0.94±0.65                                               
    C      5.22±2.36                                               0.86±0.46                                               
  Week 2                                                                                                                   
    A      4.86±2.58                                               0.78±0.36                                               
    B      4.65±1.96                                               1.54±0.63                                               
    C      4.95±1.38                                               1.65±0.35                                               
  Week 3                                                                                                                   
    A      5.66±2.65^[a](#tfn3-br-0-0-722){ref-type="table-fn"}^   0.80±0.32^[a](#tfn3-br-0-0-722){ref-type="table-fn"}^   
    B      3.86±1.56                                               2.98±0.66                                               
    C      4.62±1.88^[b](#tfn4-br-0-0-722){ref-type="table-fn"}^   2.18±0.62^[b](#tfn4-br-0-0-722){ref-type="table-fn"}^   
  Week 4                                                                                                                   
    A      5.45±2.38^[a](#tfn3-br-0-0-722){ref-type="table-fn"}^   0.98±0.46^[a](#tfn3-br-0-0-722){ref-type="table-fn"}^   
    B      3.26±1.68                                               4.66±2.16                                               
    C      3.94±2.66^[b](#tfn4-br-0-0-722){ref-type="table-fn"}^   3.82±1.36^[b](#tfn4-br-0-0-722){ref-type="table-fn"}^   

P\<0.01 or

P\<0.05 vs. group B. SOD, superoxide dismutase; MDA, malonaldehyde; A, control group; B, model group; C, rosuvastatin group. Values are mean ± standard deviation, n=6.

###### 

Oxidized low-density lipoprotein expression level of the rats from the different groups.

  Group   Week 1      Week 2      Week 3                                                  Week 4
  ------- ----------- ----------- ------------------------------------------------------- -------------------------------------------------------
  A       1.17±0.75   1.17±0.41   1.17±0.75^[a](#tfn5-br-0-0-722){ref-type="table-fn"}^   1.17±0.41^[a](#tfn5-br-0-0-722){ref-type="table-fn"}^
  B       1.00±0.63   1.33±0.52   3.33±1.03                                               4.40±0.70
  C       0.83±0.41   1.17±0.75   2.00±0.63^[b](#tfn6-br-0-0-722){ref-type="table-fn"}^   2.33±1.21^[b](#tfn6-br-0-0-722){ref-type="table-fn"}^

P\<0.01

P\<0.05 vs. group B. A, control group; B, model group; C, rosuvastatin group. Values are mean ± standard deviation, n=24.

###### 

Liver fibrosis indicators of the rats in the model and following rosuvastatin treatment.

  Group    Hyaluronic acid, ng/ml                                      Laminin, ng/ml                                            Procollagen III, ng/ml
  -------- ----------------------------------------------------------- --------------------------------------------------------- ---------------------------------------------------------
  Week 1                                                                                                                         
    B      62.67±33.68                                                 52.56±25.20                                               23.93±17.45
    C      52.67±35.66                                                 42.36±28.15                                               22.39±15.58
  Week 2                                                                                                                         
    B      58.33±19.05                                                 39.35±25.32                                               18.20±9.46
    C      48.36±15.28                                                 32.65±21.28                                               16.15±8.50
  Week 3                                                                                                                         
    B      90.64±43.16                                                 88.65±35.86                                               53.35±26.15
    C      70.18±33.24^[a](#tfn7-br-0-0-722){ref-type="table-fn"}^     68.36±31.52^[a](#tfn7-br-0-0-722){ref-type="table-fn"}^   43.35±18.64^[a](#tfn7-br-0-0-722){ref-type="table-fn"}^
  Week 4                                                                                                                         
    B      365.35±132.35                                               80.46±64.34                                               62.91±17.56
    C      258.25±128.66^[b](#tfn8-br-0-0-722){ref-type="table-fn"}^   65.24±36.35^[a](#tfn7-br-0-0-722){ref-type="table-fn"}^   45.17±21.36^[a](#tfn7-br-0-0-722){ref-type="table-fn"}^

P\<0.05

P\<0.01 vs. group B. B, model group; C, rosuvastatin group. Values are mean ± standard deviation, n=6.
